One of the first (theoretical) frameworks developed in history for understanding science and technology and its relation to the economy has been the linear model of innovation. The model postulated that innovation starts with basic research, followed by applied research and development, and ends with production and diffusion.
Introduction
One of the first (theoretical) frameworks developed for historically understanding science and technology and its relation to the economy has been the "linear model of innovation". taken for granted. According to others, however, it comes directly from, or is advocated clearly in V. Bush's Science: The Endless Frontier (1945) . 5 One would be hard pressed, however, to find anything but a rudiment of this model in Bush's manifesto. Bush talked about causal links between science (namely basic research) and socio-economic progress, but nowhere did he develop a full-length argument based on a sequential process broken down into its elements, or that suggests a mechanism whereby science translates into socioeconomic benefits.
In this paper, I trace the history of the model, suggesting that it developed in three stages.
The first, from the beginning of the twentieth century to circa 1945, was concerned with the first two terms, basic research and applied research. This period was characterized by the ideal of pure science, and people began developing a case for a causal link between basic research and applied research. This is the rhetoric in which Bush participated. Bush The main thesis of this paper is that the model owes little to Bush. It is rather a theoretical construction of industrialists, consultants and business schools, seconded by economists.
The paper also argues that the long survival of the model, despite regular criticisms, is due to statistics. Having become entrenched with the help of statistical categories for counting resources and allocating money to science and technology, and standardized under the auspices of the OECD and its methodological manuals, the linear model functioned as a "social fact". Rival models, because of their lack of statistical foundations, could not easily become substitutes. This paper is divided into four parts. The first discusses the core of the linear model and its source, that is, the political rhetoric, or ideal of pure science, that made applied research dependent on basic research. The second part discusses the first real step toward the construction of a model by looking at the category and the activity called some descriptions of what it is supposed to have been" (p. 32).
6
To Edgerton, the model does not exist in Bush's writings, and here Edgerton and the present author agree, but neither does it exist elsewhere. As this paper implies, only if one looks at the term itself can one supports Edgerton's thesis. The model, whatever its name, has been THE mechanism used for explaining innovation in the literature on technological change and innovation since the late 1940s.
A Political Rhetoric
From the ancient Greeks to the present, intellectual and practical work have always been seen as opposites. The ancients developed a hierarchy of the world in which theoria was valued over practice. This hierarchy rested on a network of dichotomies that were deeply rooted in social practice and intellectual thought.
7
A similar hierarchy existed in the discourse of scientists: the superiority of pure over applied research. The concept of pure research originated in 1648, according to I. B.
Cohen.
8
It was a term used by philosophers to distinguish between science, or natural philosophy, which was motivated by the study of abstract notions, and the mixed "disciplines" or subjects, like mixed mathematics, that were concerned with concrete notions.
9
The term came into regular use at the end of the nineteenth century, and was usually accompanied by the contrasting concept of applied research. The ideology of pure science has been widely documented in the literature, and will not be discussed here. 10 Suffice it to say that pure science was opposed to applied science on the basis of motive (knowledge for its own sake). The dichotomy was a rhetorical resource used by scientists, engineers and industrialists for defining, demarking and controlling their profession (excluding amateurs), for financial support (scientists), for raising the status of a discipline (engineers), and for attracting scientists (industrialists). It was also a rhetoric, particularly present in Great Britain, that referred to the ideal of the freedom of science from interference from the State, with an eye to the counter-reference and negative experiences in Nazi Germany and to some extent in the Soviet Union.
11
Although generally presented as opposing terms, however, basic and applied research were at the same time being discussed as cooperating: basic research was the seed from which applied research grew: 12 "to have the applications of a science, H. A. Rowland argued, the science itself must exist" (p. 594). Certainly, the relationship was a one-way cooperation (from basic to applied research), but it gave rise to a whole rhetoric in the early twentieth century, one supported by the industrialists, among others.
Industrial research underwent expansion after World War I. Several big firms became convinced of the necessity to invest in research, and began building laboratories for the purpose of conducting research. 13 Governments accompanied them in these efforts. In Great Britain, for example, the Department of Scientific and Industrial Research aided and funded industries in their efforts to create industrial research organizations. To Carty, science was composed of two kinds: pure and applied. To him, the pure scientists were "the advance guard of civilization. By their discoveries, they furnish to the engineer and the industrial chemist and other workers in applied science the raw material to be elaborated into manifold agencies for the amelioration of mankind, for the advancement of our business, the improvement of our industries, and the extension of our commerce" (pp. 1-2).
Carty explicitly refused to debate the contested terms "pure" and "applied" research: "the two researches are conducted in exactly the same manner" (p. 7). To Carty, the distinction was one of motives. He wanted to direct "attention to certain important relations between purely scientific research and industrial research which are not yet sufficiently understood" (p. 1). In an article published in Science, 21 Carty developed the first full-length rationale for public support to pure research. To the industrialist, "pure" science was "the seed of future great inventions which will increase the comfort and convenience and alleviate the sufferings of mankind" (p. 8). But because the "practical benefits, though certain, are usually indirect, intangible or remote" (p. 8), Carty thought the "natural home of pure science and of pure scientific research is to be found in the university" (p. 9), where each master scientist "should be provided with all of the resources and facilities and assistants that he can effectively employ, so that the range of his genius will in no way be restricted for the want of anything which money can provide.
Every reasonable and even generous provision should be made for all workers in pure science" (p. 12). But "where are the universities to obtain the money necessary for the carrying out of a grand scheme of scientific research? It should come from those generous and public-spirited men" [philanthropists and, much later, the State] and "from the industries" (pp. 14-15). This rationale is not very far from that offered by W. von Humboldt, founder of the modern university, in his memorandum of 1809. or should be seen in relation to each other: "the further progress of industrial development would eventually stagnate if basic research were long neglected" (p. 18).
Basic research is the "means of answering a large number of important practical problems" (p. 18). But how?
Basic research (…) creates the fund from which the practical applications of knowledge must be drawn. New products and new processes do not appear full-grown. They are founded on new principles and new conceptions, which in turn are painstakingly develop by research in the purest realms of science. Today, it is truer than ever that basic research is the pacemaker of technological progress (p. 19).
This was the furthest Bush went in explaining the links between science and society. It is clear that Bush was, at the very best, dealing with the Basic research → Development (technology) part of the linear model of innovation. Certainly, in the appendix to the Bush report, the Bowman committee used a taxonomy of research composed of pure research/background research/applied research and development, and argued that "the development of important new industries depends primarily on a continuing vigorous progress of pure science" (p. 81). But the taxonomy was never used as a sequential model for explaining socio-economic progress. It served only to estimate the discrepancy between the funds spent on pure research and those spent on applied research.
Bush succeeded in putting the ideal of pure science on officials' lips and influencing the emerging science policy. 24 But he suggested no more than a causal link between basic research and its applications, and the rhetoric had been developed and discussed at length before him. Nowhere has Bush suggested a model, unless one calls a one-way relationship between two variables a model. Rather, we owe the development of such a model to industrialists, consultants and business schools.
An Industrial Perspective
The early public discourses of industrialists on science, among them US National Research Council members, were aimed at persuading firms to get involved in research.
For this reason, they talked mainly of science or research, without always discussing the particulars of science in industry. But within firms, the reality was different: there was little basic research, some applied research, and a lot of development. It was not long before the organization of research reflected this fact.
Development is a term that came from industry. 25 In the early 1920s, many large firms had "departments of applied science, or, as they are sometimes called, departments of development and research".
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It was not long before every manager was using the expression "research and development", recognizing the fact that the development of new products and processes was as important as research, if not the primary task of industrial laboratories. In the 1930s, several annual reports of companies brought both terms together.
27
To industrialists, in fact, development was more often than not an integral part of (applied) research or engineering.
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"Many laboratories are engaged in both industrial research and industrial development. These two classes of investigation commonly merge so that no sharp boundary can be traced between them. Indeed, the term research is frequently applied to work which is nothing else than development of industrial processes, methods, equipments, production or by-products". other.
30
Both activities were carried out in the same department, and it was the same kind of people (engineers) that carried out both types of tasks. Already in 1920, in a book that would remain a classic for decades, C. E. K. Mees, director of the research laboratory at Eastman Kodak, described the development laboratory as a small-scale manufacturing department devoted to developing "a new process or product to the stage where it is ready for manufacture on a large scale". 33 The work of this department was portrayed as a sequential process: development work is "founded upon pure research done in the scientific department, which undertakes the necessary practical research on new products or processes as long as they are on the 30 
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To that end, the organization developed a series of surveys on R&D based on precise definitions and categories. Research then came to be defined as "systematic, intensive study directed toward fuller knowledge of the subject studied and the systematic use of that knowledge for the production of useful materials, systems, methods, or processes". Before such definitions were arrived at, however, two practices prevailed. First, research was "defined" either by simply excluding routine activities or by supplying a list of activities designed solely to help respondents decide what to include in their responses to the questionnaires. Among these activities were basic and applied research, but also engineering, testing, prototypes, and design, which would later collectively come to be called development. No disaggregated data were available for calculating statistical breakdowns, however. In fact, "in these early efforts, the primary interest was not so much in the magnitude of the dollars going into scientific research and development, either in total or for particular agencies and programs, but in identifying the many places where research and development of some sort or other was going on (…)". The reasons offered were that fundamental and applied research interact, and that both lead to practical and fundamental results. This was just the beginning of a long series of debates on the classification of research according to whether it is categorized as pure or applied. 55 We owe to the British scientist J. S. Huxley, a colleague of Bernal and a member of the "visible college" of socialist scientists, as G. Werskey called them, 56 the introduction of new terms and the first formal taxonomy of research (see Table 1 ). The taxonomy had four categories: background, basic, ad hoc and development. 57 The first two categories defined pure research: background research is research "with no practical objective consciously in view", while basic research is "quite fundamental, but has some distant practical objective (…). Those Despite having these definitions in mind, however, Huxley did not conduct any measurements. Nevertheless, Huxley's taxonomy had several influences. Bush borrowed the term "basic" from Huxley when talking of pure research. The concept of "oriented basic research", later adopted by the OECD, comes from Huxley's definition of basic research.
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Above all, the taxonomy soon came to be widely used for measurement. We owe to the US President's Scientific Research Board the first such use. and showed that university research expenditures were far lower than government or industry expenditures, that is, lower than applied research expenditures, which amounted to 90% of total research. 63 Despite the
Board's precise definitions, however, development was not measured separately, but was rather included in applied research.
We owe to the Canadian Department of Reconstruction and Supply the first measurement of development per se.
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In the survey it conducted in 1947 on government research, it distinguished research, defined as being composed of pure, background 65 and applied research (but without separating the three items "because of the close inter-relationships of the various types of research"), from development and analysis and testing.
Development was defined as "all work required, after the initial research on laboratory Although routine work was almost always excluded, there were wide discrepancies at the frontier between development and production, and between scientific and non-scientific activities: testing, pilot plants, design, and market studies were sometimes included in research and at other times not.
To Anthony, the main purpose of a survey was to propose a definition of research and then to measure it.
In the early 1950s, the US Department of Defense's Research and Development Board asked Anthony to conduct a survey of industrial research to enable the government to locate available resources in the event of war, that is, to "assist the military departments in locating possible contractors for research and development projects". 68 Anthony had just conducted a survey of management controls in industrial research laboratories for the 66 not the search has reference to a specific application.
-Applied research: apply existing knowledge to problems involved in the creation of a new product or process, including work required to evaluate possible uses.
-Development: apply existing knowledge to problems involved in the improvement of a present product or process.
Along with the definitions, Anthony specified precisely the activities that should be included in development (scale activity, pilot plants and design) and those that should be excluded (market research, legal work, technical services, and production). The survey revealed that industry spent 8% of its research budget on basic research (or uncommitted research), 42% on new products (applied research) and 50% on product improvement (development). 72 This was the first of a regular series of measurements of the three categories in the history of science statistics. It soon became the norm.
In the 1950s, the NSF started measuring research in the United States, as part of its mandate requesting the regular evaluation of national scientific activities. The NSF extended Anthony's definitions to all sectors of the economy -industry, government, and university -and produced the first national numbers on research so broken down. It took about a decade, however, for standards to appear at the NSF. Until 1957, for example, development was merged with applied research in the case of government research, with no breakdown. Similarly, until 1959, statistics on development were neither presented nor discussed at all in reports on industrial research.
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But thereafter, the three components of research were separated, and a national total was calculated for each based on the following definitions:
-Basic or fundamental research: research projects which represent original investigation for the advancement of scientific knowledge and which do not have specific commercial objectives, although they may be in the fields of present or potential interest to the reporting company.
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-Applied research: research projects which represent investigation directed to discovery of new scientific knowledge and which have specific commercial objectives with respect to either products or processes.
-Development: technical activity concerned with non-routine problems which are encountered in translating research findings or other general scientific knowledge into products or processes.
As Anthony had done, the NSF suggested three categories -with different labels. The main, and important, difference has to do with the fact that Anthony's definitions center on output, while the NSF's emphasized aims or objectives. Nevertheless, the two 74 The last part of the definition was, and still is, used for the industrial survey only.
taxonomies produced approximately the same statistical results. The NSF surveys showed once more the importance of development in the research budget: over 60% in the case of government research, 75 and 76.9% for industrial research. 76 For the nation as a whole, the numbers were 9.1% of the research budget for basic research, 22.6% for applied research and 68.3% for development. 77 Anthony's and the NSF's categories were developed for statistical purposes. However, the three categories also served to describe components or stages in the process of innovation, a description that culminated in the three-stage linear model: Basic research → Applied research → Development. Anthony talked of "a spectrum, with basic research at one end, with development activities closely related to production or sale of existing products at the other end, and with other types of research and development spread between these two extremes". 78 The NSF, for its part, suggested that: "the technological sequence consists of basic research, applied research, and development", where "each of the successive stages depends upon the preceding".
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Economists Appropriate the Model
By the early 1960s, most countries had more or less similar definitions of research and its components. 80 Research had now come to be defined as R&D, composed of three types of activities. 81 The OECD gave itself the task of conventionalizing and standardizing the definition. In 1963, OECD member countries adopted a methodological manual for conducting R&D surveys and producing statistics for indicators and policy targets, like the GERD/GDP ratio. The Frascati manual included precise instructions for separating research from related scientific activities 82 and non-research activities 83 and development from production. The manual, in line with the NSF definitions, also recommended collecting and tabulating data according to the three components of research defined as follows: 84 -Fundamental research: work undertaken primarily for the advancement of scientific knowledge, without a specific practical application in view.
-Applied research: work undertaken primarily for the advancement of scientific knowledge, with a specific practical aim in view.
-Development: the use of the results of fundamental and applied research directed to the introduction of useful materials, devices, products, systems, and processes, or the improvement of existing ones.
Economists came into the field quite late. In the early 1960s, when the three components of R&D were already in place in official circles, economists were still debating terms like development and its inclusion in R&D -because it was seen as not inventive in character 85 -and looking for their own definitions and taxonomy of research. 86 They finally settled on the conventional taxonomy, using the standard three categories to analyze industrial research, 87 science to economic progress. 88 In fact, as R. R. Nelson reported in 1962, "the establishment of the NSF has been very important in focusing the attention of economists on R&D (organized inventive activity), and the statistical series the NSF has collected and published have given social scientists something to work with". 89 Where some economists innovated was in extending the model to one more dimension:
the steps necessary to bring the technology to commercial production, namely innovation.
Some authors often refer back to J. Schumpeter to model the process of innovation.
Certainly, we owe to Schumpeter the distinction between invention, (initial) innovation, and (innovation by) imitation (or diffusion). 90 While invention is an act of intellectual creativity -and "is without importance to economic analysis"
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-innovation and diffusion are defined as economic decisions, because of their "closeness to economic use": a firm applying an invention or adopting it for the first time. 92 Despite having brought forth the concept of innovation in economic theory, however, Exploratory and fundamental research, applied research, development, production Maclaurin (1949) Fundamental research, applied research, engineering development, production engineering, service engineering Mees and Leermakers research, development (establishment of small-scale use, pilot (1950) plant and models, adoption in manufacturing) Brozen (1951a) Invention, innovation, imitation Brozen (1951b) Research, engineering development, production, service Rostow (1952) Fundamental science, application of science, acceptance of innovations Maclaurin (1953) Pure science, invention, innovation, finance, acceptance Carter and Williams (1957) Basic research, applied research, pilot plant, development, production Ruttan (1959) Invention, innovation, technological change Ames (1961) Research, invention, development, innovation Scherer (1965) Invention, entrepreneurship, investment, development Hollomon (1965) perceived need, invention, innovation, diffusion or adaptation Hollomon (1967) invention, innovation diffusion research, development, invention Shepard (1967) Idea generation, adoption, implementation Allen (1967) Research, Development, Investment, Construction, Production, Distribution Mansfield (1968) Invention, innovation, diffusion Gruber (1969) invention and discovery, innovation, adoption and diffusion Myers and Marquis Problem solving, solution, utilization, diffusion (1969) Goldsmith (1970) pure science, applied science, development, design, production, marketing, sales and profits Utterback (1974) Generation of an idea, problem-solving or development, implementation and diffusion Rowe and Boise (1974) Knowledge accumulation, formulation, decision, implementation and diffusion
Conclusion
The linear model of innovation was not a spontaneous invention arising from the mind of one individual (V. Bush). Rather, it developed over time in three steps. The first linked applied research to basic research, the second added experimental development, and the third added production and diffusion. These three steps correspond in fact to three scientific communities and their successive entries into the field of science studies and/or science policy, each with their own concepts. First were natural scientists (academic as well as industrial), developing a rhetoric on basic research as the source for applied research or technology; second were researchers from business schools, having been interested in science studies long before economists, and studying the industrial management of research and the development of technologies; third were economists, bringing forth the concept of innovation into the discipline. All three communities got into the field by adding a term (their stamp) to the most primitive term -pure or basic research -and its sequence. The three steps also correspond to three policy preoccupations or priorities: the public support to university research (basic research), the strategic importance of technology for industry (development), and the impact of research on the economy and society (diffusion).
Despite its widespread use, the linear model of innovation was not without its opponents.
In 1967, the Charpie report, an influential study by the US Department of Commerce on measuring the costs of innovation, estimated that research amounts to 10% of the costs of innovation only. Briefly stated, innovation does not depend on either research or basic research specifically. Other "steps" are more important.
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The US Department of Defense also challenged the linear sequence. As we have seen with Anthony's study conducted for the Defense's Research and Development Board, the Department of Defense was a pioneer in the use of the R&D categories, even developing its own 121 The numbers were based on a "rule of thumb", and were widely criticized. See: E. classification of R&D activities and using the linear model to manage its programs.
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In the mid-1960s, however, the Department began to defect from its previous optimism regarding investments in basic research as a factor for innovation. The Department was, in a sense, beginning to question aspects of the linear model. It therefore conducted an eight-year analysis of twenty major weapon technologies and concluded that only 0.3% of innovations "events" came from "undirected science". 123 The NSF replied with its own study, and came to opposite conclusions. The organization found that 70% of the key events in the development of five recent technological innovations stemmed from basic research. 124 These two studies, each carrying the message of its respective community (industrialists in the case of Defense, scientists for the NSF) were among the first of a long series of debates on aspects of the linear model of innovation.
In the 1960s, academics also leveled criticisms concerning the linearity of the model. 125 It was historians and histories of technology that proved the most productive and convincing: the literature documented the complex interrelationships between science and technology, 126 and developed the idea of technology as knowledge as a "substitute" for basic research in engineering. 127 Despite these efforts, the linear model continued to feed public discourses and academic analyses -despite the widespread mention, in the same documents that used the model, that linearity was a fiction.
In a sense, we owe this continuity to the very simplicity of the model. The model is a rhetorical entity. It is a thought figure that simplifies and affords administrators and agencies a sense of orientation when it comes to thinking about allocation of funding to R&D. However, official statistics are in fact more important in explaining the continued use of the linear model. By collecting numbers on research as defined by three components, and presenting and discussing them one after the other within a linear framework, official statistics helped crystallize the model as early as the 1950s. In fact, statistics on the three components of research were for a long time (and still are for many), the only available statistics allowing one to "understand" the internal organization of research, particularly in firms. Furthermore, as innovation came to define the sciencepolicy agenda, statistics on R&D were seen as a legitimate proxy for measuring technological innovation because they included development (of new products and processes). Having become entrenched in discourses and policies with the help of statistics and methodological rules, the model became a "social fact". Equally, very few accurate numbers on the costs of innovation have come from the official innovation surveys, at least not robust enough numbers to
